The inadvertent introduction of the fire ant (1, 5, 7, 11, 19, 20) . Moreover, habitat saturation may promote incidental mixing of nonnestmates, potentially eroding the discrimination abilities of workers involved in the recruitment of new queens and the regulation of colony queen number (21) (22) (23) (24) . Both mechanisms predict a positive association between degree of habitat saturation and colony queen number.
contrast to the zero relatedness between workers and new queens in the introduced populations. The observed differences in queen number and relatedness signal a shift in the breeding biology of the introduced ants that is predicted on the basis of the high population densities in the new range. An additional difference in social organization that we observed, greater proportions of permanently unmated queens in introduced than in native populations, is predicted from the loss of alleles at the sex-determining locus and consequent skewing of operational sex ratios in the colonizing ants. Thus, significant recent social evolution in fire ants is consistent with theoretical expectations based on the altered ecology and population genetics of the introduced populations.
Social organization-the number, relationships, and reproductive output of members of a group-constitutes the defining features of social life (1) . The ecological and genetic factors causing evolution of social organization in ants are of great interest to evolutionary biologists, because knowledge of these factors can illuminate the mechanisms by which diverse forms of cooperative breeding originate and are elaborated (1) (2) (3) (4) (5) (6) (7) . In eusocial insects, ecological factors are widely believed to be important in shaping such basic features of social organization as colony queen number and queen reproductive roles (4) (5) (6) (7) (8) (9) (10) , but demonstration of the effects of such factors remains elusive (5, 11) . Specific genetic factors influencing reproductive roles and the form of social organization have seldom been documented (1, (12) (13) (14) (15) (16) (1, 5, 7, 11, 19, 20) . Moreover, habitat saturation may promote incidental mixing of nonnestmates, potentially eroding the discrimination abilities of workers involved in the recruitment of new queens and the regulation of colony queen number (21) (22) (23) (24) . Both mechanisms predict a positive association between degree of habitat saturation and colony queen number.
Recent genetic studies have revealed that genetic variation has been lost in introduced fire ants because of a population bottleneck during founding of the USA populations (25) . Loss of variation at the major sex-determining locus is especially evident, as it is associated with a large increase in the frequency of sterile (diploid) males in introduced populations (25) . Such an increase in male sterility may affect another basic feature of social organization, the frequency of egg-laying queens that remain permanently unmated, by altering operational sex ratios and disrupting the mating system (26) . Thus In this report we examine differences in these properties in multiple-queen (polygyne) colonies of S. invicta from the native and introduced ranges. The results indicate great similarity in social organization between localities within each range but pronounced differences between the native and introduced ants. The significant evolution of social organization inferred to have occurred in introduced populations of the polygyne form is consistent with changes predicted on the basis of the altered ecology and population genetics in the new range. Of special interest is the transition from nests with few closely related queens to nests with many unrelated queens, because the consequent rearing of unrelated sexuals by workers in the introduced populations poses an apparent paradox for inclusive fitness theory (7, 27) .
MATERIALS AND METHODS
The fire ant S. invicta was introduced into the USA from South America in the 1930s (28) (31, 33) .
The average numbers of mated egg-laying queens per nest were estimated indirectly from the genetic variation within nests and directly from the counts of collected queens. The indirect estimate is the effective queen number, estimated from the genetic relatedness of daughters of single queens (rs), the relatedness of nestmate workers (rw), and the relatedness of mated nestmate queens (rq) (33, 34) . The value of rs is fixed at 0.75 because S. invicta queens mate once (25, 31 (15, 25, 33, 35) were used for estimating relatedness (36) . Direct (5, 11, 20, 40) . High population densities in the USA suggest that appropriate nesting habitats are more often saturated, and opportunities for independent founding by dispersing queens are correspondingly more limited, than in the native range (19) . Thus, queens attempting either to (21) (22) (23) (24) , possibly leading to a runaway process of acceptance of both nestmate and foreign queens (7, 42 (7, 20) , suggesting that the transition from one syndrome to the other in S. invicta reflects a fundamental ecologically driven shift in social organization in ants.
The difference in proportions of unmated queens observed between Argentina and the USA supports the proposal that frequent male sterility caused by a loss of genetic variation at the sex-determining locus has led to the elevated abundance of such queens in the introduced range (26) . Loss of alleles, documented in introduced S. invicta for a large number of genes (25) , is the expected consequence of a population bottleneck such as that which presumably accompanied initial establishment of the ants in the USA (43) . Such a loss is likely to have a pronounced effect on sex determination and sex ratios in social Hymenoptera such as fire ants because of their unique genetic mode of sex determination. Sex is determined via a system of genetic complementarity whereby diploids heterozygous at the sex-determining locus become females, and haploids (hemizygotes) or homozygous diploids become males (25, 44) . A reduction in sex-allele diversity leads to increased homozygosity at this locus and consequent elevated frequencies of males that are diploid; thus, such males are common in the USA but uncommon in Argentina (25) . Because diploid males are sterile (45) 
